Introduction
A wide range of pharmacological and toxicological activities as oxytocic, uterotonic, antiarrhythmic, diuretic, hypoglycemic, hypotensive, respira tory stimulant and depressent, antipyretic, hallucinogenic properties are associated with quin olizidine alkaloids (Kinghorn and Balandrin, 1984; Wink, 1993a) . At the moleculer level quinolizidine alkaloids affect nicotinic and muscarinic acetyl choline receptors (Schmeller et al., 1994) and N a+/ K+ channels (Wink, 1993b) . In addition, anagyrine and ammodendrine are mutagenic and cause the crooked calf disease if pregnant animals feed on plants rich in these alkaloids (Keeler, 1969; 1972; 1973; 1976) . These pharmacological activities are im portant requisites for the role of quinolizidine alkaloids as chemical defence com pounds against herbivores, and to a lesser degree against m icroor ganisms and competing plants (Wink, 1985; 1987; 1993a,b) .
The genus Retama (synonym L ygos) includes four species with a distribution in the M editerra nean area, North Africa and on the Canary islands. Retama spp. represent shrubs of broom-like ap-R eprint requests to Prof. D r. M. W ink. Fax 06221 564884.
pearance which have been classified as belonging to the Genista-complex within the subtribe Genisteae (Bisby, 1981) . Recent molecular studies based on nucleotide sequences of the rbcL gene and ITS re gions of rDNA have confirmed the close related ness of Retama with Genista (Käss and Wink, 1995) .
Although some alkaloids were previously iso lated from Retama raetam (Abdel-Halim, 1995 ; Abdel-Halim et al., 1992; Ahm ed et al., 1972), R. sphaerocarpa (Balandrin et al., 1982; Cordero et al., 1989; Neuner-Jehle etal., 1964; Vazquez et al., 1966) and R. m onosperm a (M orales Mendez et al., 1971) our phytochemical studies employing the sensitive capillary GLC-mass spectrometry, which is the method of choice for analysis and con venient identification of quinolizidine alkaloids in complex mixtures (Greinwald etal., 1991; Kinghorn et al., 1980; Wink, 1993b; Wink et al., 1980; 1981; 1983; Wink and Witte, 1991) showed the presence of much more alkaloids than previously reported. In this communication we re port on the occurrence 31 alkaloids in three Retama species with special emphasis on interspecific and the organspecific alkaloid variation.
Materials and Methods

Plant material
Stems, flowers, mature pods, seeds, and roots of Retama raetam (Forsskäl) 
A lkaloid extraction
The plant material (10 g) was homogenized by U ltra-turrax in 200 ml CH2C12 -MeOH -N H 4OH (25%), (15 : 5 : 1) and left to stand at least for one hour. The extracts were concentrated under reduced pressure in a Rota Vapor and taken up in 20 ml 0.5 n HCl. Basification of the aqueous acid solution with N H 4OH, was followed by ex traction with methylene chloride (in a shaking fun nel), drying over anhydrous Na2S 0 4 and evapora tion of the solvent in a RotaVapor. Preparative TLC [silica gel Merck F254, C H 2C12 -M eOH -N H 4OH (25%), 85 : 15 : 2] yielded" about 30 mg of the alkaloids 12 and 14 with R f 0.51 and 0.58, respectively.
Capillary G L C and G L C -M S
Capillary GLC: A Carlo Erba ICU 600 gas chro m atograph was used equipped with FID or nitro gen detector and a Spectra Physics integrator. Col umn: D B 1-30W (J & W Scientific); 30 m (0.317 mm inner diam eter). Conditions: carrier gas He; detector temp. 300 °C; injector temp. 250 °C; oven temp, program: initial temp. 150 °C, 2 min isother mal, 150-300 °C with 10 °C / min to 300 °C, then 10 min isothermal. R etention indices (RI): Kovats indices (Kovats, 1958) were calculated with respect to a set of co-injected even num bered hydrocar bons (C14-C28). Each RI was subjected to a li brary search by comparison with reference RI val ues stored in a data base of the institute. GLC-MS Analysis: A Carlo Erba Mega 5160 gas chromatograph equipped with a fused silica col umn (DB1, J&W Scientific) was employed. The capillary column was directly coupled to a quadru p l e mass spectrom eter (Finnigan MAT 4515). EImass spectra were recorded at 40 eV. Conditions: injector 250 °C; tem perature program 150-300 °C, 6 °C/ min; split ratio 1 : 20; carrier gas He 0.5 bar.
NM R measurements
'H and 13C NM R spectra were recorded with a AC 300 Bruker instrum ent in CDC13, at 300 and 75 MHz, respectively.
Results and Discussion
Altogether 31 alkaloids were recorded in the ex tracts of different plant parts of the three Retama species (Table I) : At least 21 alkaloids were de tected in R. raetam , 20 alkaloids in R. sphaero carpa and 27 alkaloids in R. m onosperm a. Shoots and stems of these species showed the most com plex alkaloidal profiles; therefore extracts of these plant parts were examined in detail by GLC-MS (Table II) .
Since many quinolizidine alkaloids have been analysed before in our laboratories (Wink 1993b; Wink et al. 1980; 1981; 1983; Wink and Witte, 1991 ) the following Retama alka loids could be identified unambiguously by direct comparison (mass fragm entation, retention index) with authentic m aterial or by comparison of their mass spectra with published data (Table II) : epilupinine, a-isosparteine, sparteine, a-isosparteine, 1 1 ,12-dehydrosparteine, am m odendrine, dehydroam m odendrine, N-methylcytisine, dehydrocyti sine I, retamine, dehydrocytisine II, cytisine, 17-oxosparteine, a-isolupanine, 5,6-dehydrolupanine, rhombifoline, lupanine, aphylline, N-formylammodendrine, N-carbomethoxycytisine, 11-allylcytisine, 17-oxoretamine, N-formylcytisine, N-acetylcytisine, 12-a-hydroxylupanine, anagyrine and baptifoline. Alkaloids 12 and 14 were isolated by prep. TLC from extracts of the roots and seeds of R. raetam, respectively. The structure of 12 was determ ined by MS and 13C NMR (Tables II and  III) (Tables II to  IV) as ( -) cytisine (Bohlmann and Zeisberg, 1975; Neuner-Jehle et al., 1964; 1965) . Both isolated al kaloids have been employed in pharmacological assays (Schmeller et al., 1994) .
The remaining four alkaloids, dehydrosparteine I (RI 1810). dehydrosparteine II (RI 1825), dehydroretam ine and dehydrobaptifoline were only tentatively identified (Table II) , since their amounts were too limited for a further spectro scopic analysis. Alkaloid 15 with M+ 248 (RI 2017) has not been described and was suggested to be dehydroretam ine because of the close similarities to the respective fragmentation pattern of retamine; the MS spectrum of 15 differed from retamine (M + 250) by two mass units. The MS of compound 30 (RI 2605) displayed a M+ at m /z 258 (two mass units less than baptifoline) together with the frag ments at m /z 160,147 and 146 that are characteris tic for a-pyridone alkaloids. Thus, compound 30 could be tentatively identified as dehydrobaptifoline. The fragmentation pattern in compound 7 was similar to those of compounds 4 and 5, differ ing only in the relative intensities in some frag ment ions; this indicates that 4 and 5 are stereoiso mers of 7.
So far, only a restricted num ber of alkaloids had been found in Retama spp, such as 12-a-hydroxylupanine, retamine, sparteine, lupanine, anagyrine, cytisine, N-methylcytisine, ammodendrine, 17-oxosparteine, 5,6-dehydrolupanine (Abdel-Halim et al., 1992; Balandrin et al., 1982; Cordero et al., 1991, 1993) which could been confirmed in our study. In addition, our study indicates the presence of 21 fur ther alkaloids in Retama spp..The occurrence of thermopsine, sophoramine and sophochrysine (Ahm ed et al., 1972; Morales Mendez et al., 1971) is doubtful, since these compounds could be discov ered neither in our nor in other recent studies.
Alkaloid profiles of the three Retama species are rather similar (Table I) ; typical for Retama is (10), 110(18). 98(100). 97(18). 96(8). 84(15). 83(8). 67(9), 55(12) 205 (5), 193(27), 176(5), 150(16), 137(90), 2. 4 136 (45), 122(19), 110(30), 98(100), 97(50), 84(30), 70(12), 67(11), 55(24) 203 (6), 191(12), 189(13), 175(23). 148(30), 3 136(24), 135(42), 134(100), 122(18), 110(8), 98(89), 97(53), 96(20). 84(14). 67(10). 55 (14) 203 (11), 191(18), 189(30), 175(18), 148(32), 3 136(23), 135(45), 134(100), 122(19), 110(10), 98(90), 97(30), 96(15). 84(6), 67(9), 55(14) 205 (3), 193(15), 150(10), 137(100), 136(30), 4, 5 122(12), 110(18), 98(70), 97(30), 84(12), 67(5), 55(10) 203 (2), 191(4), 175(18), 148(20), 136(19), 135(37), 4, 5 134(100). 122(11), 110(9). 98(35). 97(80). 96(45), 84(10), 68(10), 67(10), 55(12) 207 (27), 191(45), 179(45), 165(100), 152(23), 4, 6 137 (45), 136(72), 123(80), 122(51), 110(80), 109(78). 108(52), 94(52), 84(31), 80(40), 55(21), 43(60) 205 (12), 163(100), 149(6), 135(12), 122(8) (10) 160 (18), 159(5), 147(40), 146(100), 117(12), 78(9) 1, 4 160(23), 148(30), 147(80), 146(100), 134(36), 1, 4 117 (11), 109(21), 104(9), 93(9), 82(20), 77(9), 68(10), 44(73) 229 (12), 205(5), 150(40), 135(30), 134(30), 122(16), 114(13), 98(58), 97(100). 96(60), 80(14), 68(13), 54 (9) 220 (20), 219(11), 191(11), 150(20), 137(25), 4, 11 136(50) . 123(22), 110(75), 98(85), 97(100), 96(28), 84(27), 69(15), 55(28) 247 (8), 150(29), 149(40), 148(25), 136(100) the occurrence of retamine and derivatives which are rather uncommon in other Leguminosae (Wink, 1993b) . These phytochemical characters would support the finding from nucleotide se quences of the rbcL gene and the ITS regions of rDN A, that Retama constitutes a monophyletic taxon comprising closely related species (Käss and Wink, 1994) . Substantial differences were encountered in the alkaloid pattern of different plant organs: As can be seen from Table I a-pyridone alkaloids, such as cytisine and N-methylcytisine constitute the major com ponent of flowers, pods and seeds. In contrast, sparteine, retam ine and lupanine represent the major com ponents of roots and aerial plant parts (except flowers and seeds). The dipiperidyl alka loid ammodendrine, which shares part of the bio synthetic pathway with quinolizidine alkaloids (Brown et al., 1991; Perrey and Wink, 1988) was detected in all plant organs, but was present in rel ative higher concentrations in R. sphaerocarpa and R. m onosperm a than in R. raetam.
Quinolizidine alkaloids are synthesized in chlo roplasts (Wink and H artm ann, 1982) but are then translocated into all plant organs via the phloem (Wink and Witte, 1984) . It has been dem onstrated (reviews in Wink, 1987 Wink, , 1993b ) that a-pyridone type alkaloids derive from the tetracyclic alkaloids of the lupanine-skeleton. The high abundance of the a-pyridone alkaloids in flowers and seeds can be explained in two ways: Either tetracyclic alka loids such as lupanine or sparteine are transported to the flowers and are there transform ed to the cxpyridone alkaloids or the a-pyridone alkaloids are also synthesized in the green aerial parts but are selectively transported and sequestered in flowers, fruits and seeds. Since a-pyridone alkaloids, such as anagyrine, N-methylcytisine and cytisine are present (albeit in small quantities) in the aerial parts alongside with the possible intermediate 5,6-dehydrolupanine, the selective transport hypothe sis appears more likely. Ammodendrine, lupanine, retamine, cytisine and N-methylcytisine had been found in Viscum cruciatum, a hemiparasite living on R. sphaerocarpa (Cordero et al., 1989; . Since Viscum acquires the alkaloids via the phloem, this result would also agree with the selec tive transport hypothesis.
